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THE WINDS OF KIMBERLEY. 

By J. R. Sutton, B.A., Cantab. 

(Plates II-IX.) 

Introduction. 

Hourly observations of wind direction were commenced at Kenil¬ 
worth (Kimberley) in February, 1896, and the object of the present 
paper is to attempt a preliminary sketch of the results obtained, 
between that time and the end of February, 1899. It is true that as 
a general rule three years is all too short a period from which final 
conclusions can be drawn as to the true mean values of the principal 
meteorological elements. There are, however, weighty reasons for 
the course here adopted. 

First, that continuous observations of the winds have not hitherto, 
so far as I know, been attempted at any place on the great South 
African plateau; and indeed few 7 of any importance in the wdiole 
country. This most unfortunate fact makes it almost imperative that 
a first approximation, at the least, to the position we occupy in the 
general wind-circulation of the globe should be made public as early 
as may be. 

Secondly, that the vicinity of Kimberley is perhaps the site, 
excellence, in the whole world upon which land winds can be most 
easily and advantageously studied in their physical relationships. In 
the majority of cases something more than the fitness of the site 
determines the position of a meteorological observatory. Considered, 
quite erroneously of course, as a science of minor importance, meteor¬ 
ology is as a rule attached in a subordinate capacity to the routine of 
institutions intended primarily for the study of astronomy, and so 
must be conducted in places chosen with reference not to its ow 7 n 
requirements, but in accordance with those of a study differing abso¬ 
lutely from itself both in kind and in degree. Thus it comes to pass 
that the nearest approach to meteorological observations of the first 
class yet made in South Africa have been those of the astronomical 
observatories of Cape Towm and Durban.. The qualifications of the 




76 Transactions of the South African Philosophical Society. 

former may be dismissed in a very few words ; saving for the study 
of local details its geographical position, meteorologically speaking, is 
the worst possible, A very much smaller mass than Table Mountain 
close by would be fatal to the general utility of its wind registers. 
Durban I have not seen, although from maps and descriptions it 
would appear. to be as good a site as one could expect for a coast 
station, for all meteorological observations saving those of the winds. 
A perusal of the most excellent Annual Report of the Government 
Astronomer to the Colony of Natal establishes this very clearly. But 
I have attempted the construction of wind-roses from the data of the 
Natal Reports with most indifferent success. The drawback seems 
to be that Durban is screened almost completely from winds having 
a westerly component by hills at the back. 

Granting that every place has both an annual and a diurnal wind 
circulation peculiar to itself, either or both may be obliterated or 
masked by perturbations set up in consequence of geographical con¬ 
ditions. Thus, on a coast, land- and sea-breezes may intervene ; in 
the interior of continents mountain masses may deflect the wind 
currents and even reverse them altogether, or smaller perturbations 
may be introduced by the vicinity of lakes and large rivers. Kimberley 
possesses none of these drawbacks : it is very nearly on the central 
line of the continent; the land is gently undulating and little culti¬ 
vated ; there are neither large rivers nor lakes anywhere near, and 
neither hills nor mountains of any importance for hundreds of miles. 
It is to be expected, then, that the train of causes operating on the 
movements of the atmosphere over Kimberley should be the simplest 
conceivable, and that it would, not be necessary (as in the case of 
India, for example) to make a number of more or less approximate 
assumptions as to the precise weight to be attached to numerous and 
widely varying perturbations, before laying bare such a train of causes 
in its rudimentary aspects. 

Lastly, the Kenilworth observatory has no guarantee of permanent 
existence: it may come to an end at any time, and the chance never 
occur to me or to any one else of discussing the observations. Such 
a possible fate is to be deplored, but it has to be reckoned with, and 
for that reason this sketch has been attempted with what may be 
accounted a minimum of material. 


Instruments, Etc. 

Kenilworth is situated about three miles N.N.E. of Kimberley in 
approximate E. long. 24° 40', S. lat. 28° 40', at an altitude of some- 
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thing less than 4,000 feet above sea-level. It lies on one of the 
gentle slopes characteristic of the undulating veld of Griqualand 
West, and is rather lower than the crest upon which the greater part 
of Kimberley is built. Though thickly wooded, the trees do not yet 
offer any impediment of importance to the free circulation of the air 
at a moderate height. 

Observations of wind directions are derived from the automatic 
records of an Osier anemometer mounted with its vane about 36 feet 
above the ground. It has had a fair exposure hitherto, albeit this 
advantage is not likely to last very much longer unless it can be 
raised considerably higher. The friction of the various parts is con¬ 
siderable, though not greater, apparently, than that of other instru¬ 
ments of the same class. It is indeed less than that of a small, and 
very much lighter, vane mounted close by. Of the wind-pressure 
records from the same instrument little need be said, more especially 
since they are not used here. The motion of the vane is communi¬ 
cated by means of a rack and pinion to an aniline pencil beneath, 
which writes the directions continuously upon a moving band of 
paper controlled by clockwork. In the lighter winds of less than, 
say, five miles per hour the vane remains fairly steady approximately 
parallel to the direction, the pencil record being then a clear, if 
crooked, line ; but with higher velocities the vane may swing rapidly 
and continuously as much as 40° on either side of its mean position, 
making the pencil-record a broad shaded band. In the latter case 
the medial line of this band is taken as the true direction of the wind. 
The charts are changed every twenty-four hours, as punctually as 
possible at 10 p.m. As originally constructed the instrument only 
allowed a transverse motion of the pencil equal to a range of 675° 
for the vane, and in consequence the pencil was sometimes pushed 
out of gear, portions of the record being thereby lost. To guard 
against this, charts and pencil-rack were both altered to admit a 
range of 1260° in the vane, with satisfactory results. In general the 
portions of the record lost as above were interpolated in either of two 
ways, according as the vane carried the pencil gradually and slowly, 
or by one swing across the chart out of gear. In the former case it 
was assumed that the changes were also gradual for the hours of lost 
record; in the latter case that the vane had swung at once to the 
point at which it stood when the accident was discovered. 

Observations of wind velocity are derived from the records of a 
Robinson anemometer of the standard Kew pattern, mounted on a 
post at a height of 40 feet. At first the velocity was only registered 
on dials, no hourly record being taken. In March, 1897, however, 
Mr. Henderson, of the De Beers Crushing Mill, constructed a count- 
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mg apparatus for me by means of which an automatic record could 
be written with a pen upon a Richard drum. • This very ingenious 
contrivance admits of a wide range of speed multiplication; as used, 
and found most convenient, the pen rises once for each two and a 
half miles of wind, falling to zero and rising again, and so on. It has 
worked uniformly well, the only break in the records occurring for a 
few hours when a screw of the shaft connecting the cups with the 
dials had worked loose. Until the repairs were completed the velo¬ 
cities were interpolated from as many interim readings as could be 
made. The charts can run for twenty-four hours, but for a portion 
of the time the pen would be running over the brass strap binding 
the chart to the drum. For some considerable time the charts were 
changed at the same hour as the Osier charts, the mileage to be 
added for the time during which the pen was on the brass strap being 
taken from the readings of the dials. This was found, however, to 
give not quite correct values, and latterly, in consequence, the charts 
are changed an hour or so earlier each day, ei£ht being used in a 
week. A small correction is sometimes necessary to the registered 
hourly velocities because the hour-lines are not quite truly centred. 
There seems to be very little friction in this instrument. 

The barometric records are taken with a Beckley Photo-barograph 
(by Messrs. Negretti and Zambra), the ordinates being converted into 
true hourly air-pressures by comparison with three readings per diem 
of a large station standard mercurial barometer. 

The temperatures of the air and of evaporation are read directly 
from the hourly registrations of a set of Negretti and Zambra’s 
reversing thermometers, supplemented in a subordinate capacity by 
the indications of a Thermograph and a Hygrograph, both by MM. 
Richard, of Paris. * 


Wind Direction. 

The first circumstance to be investigated is the relative frequency 
of the winds, referred to the sixteen principal directions, for each 
month and for each hour. For this purpose the mean direction of 
the wind during each whole hour was determined as nearly as 
possible, and entered in its proper column in the summary. Only 
those hours are excluded in which the vacillation of the vane made 

* For a fuller description of the various instruments see the introduction to 
the Kenilworth observations, published, by permission of the directors of the 
De Beers Consolidated Mines, Ltd., in the annual report of the Meteorological 
Commission of the Cape Colony for 1898. The site is not a very good one for 
temperature observations. 
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this mere guesswork. Calms, which are comparatively rare, are 
included equally with the others. Some difficulty was experienced 
in assigning' the direction in those cases where the mean hourly 
direction fell very nearly between two of the sixteen directions, and 
there seems to be no doubt that a certain amount of bias displayed 
itself from time to time favouring some of the points in question at 
the expense of those adjacent. It might be expected that such a 
bias, not being deliberate, would rectify itself in time, but the gradual 
accumulation of the numbers to the final totals did not completely 
bear out the expectation. At the same time it may be claimed that 
no error large enough to materially alter the true monthly or hourly 
resultants was introduced in this way. 

Table 1 gives the number of hours of wind, irrespective of velocity, 
for each of the sixteen principal compass points during each month 
from the three years’ observations. Fig. 1 is a graphical representa¬ 
tion of what may be called the resultant wind-direction calculated for 
each month, and for the whole year, from the numbers of Table 1. 
It is formed by drawing rectangular axes NOS, EOW, through the 
origin O, and projecting the number of hours of each wind upon 
them. Thus each direction multiplied by its numerical coefficient 
will have two components, one upon the axis NOS, and the other 
upon EOW. All components falling along EOW in the direction 
OE are conventionally plus, and all in the direction OW minus. 
Also ON and OS are in the same way conventionally plus or minus 
respectively. The final resultant is formed from the components by 
the principles of the parallelogram of velocities. Consider, for 
example, the wind numbers for January, and let N, E, S, W, repre¬ 
sent the respective components measured along ON, OE, OS, OW; 
B being the final resultant. Then we have— 

N = 185 + (227 + 144) cos 22§° + (149 + 161) sin 45° + (107 + 195) sin 22|° 

E = 97 + (195 + 130) cos 22J° + (161 + 93) sin 45° + (144 + 110) sin 22£° 

S = 105 + (173 + 110) cos 22J° + (141 + 93) sin 45° + (138 + 130) sin 22|° 

W = 59 + (107 + 138) cos 22J° + (149 + 141) sin 45° + (227 + 173) sin 22J° 

... N_s =228-1 
E—W= 30-6 

Whence R= J { (228-l) 2 + (306) 2 [ =230-14 

And tan 0=^—|L=7*46 = tan 82° 22' 

E—W 

The components for each month found in this way are given in 
Table 2. But it must be noted that neither the components, nor 
their resultants, of themselves are to be interpreted as necessarily 
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revealing the prevailing directions of the wind. Such a conclusion 
can only be drawn when the tabular numbers from which they are 
derived show also a distinct and overwhelming majority' for one 
direction over each of the others. Should there be, say, two 
directions, each containing preponderating numbers, then the 
resultant will lie between them, and may (almost certainly will, in 
the case of valley winds, or of land- and sea-breezes) lie along a 
direction from which relatively few of the winds come. Referring 
again to Table 1, it will be seen that although certain directions do 
prevail at the expense of the others month by month in a moderate 
degree, yet any preponderance for the whole year is comparatively 
insignificant. Month by month, then, we may take it as a rule that 
the prevailing direction is approximately that of the resultant, and 
such that (see Fig. 1) it blows from the denomination of the month 
to the origin of the figure with a frequency and proximity propor¬ 
tional to the space described, whereas for the year it is not so. • 

Table 3 gives Table 1 in a condensed form, the wind numbers 
being arranged in quadrants. It both smooths and emphasises the 
monthly variations of Table 1. Apparently, however, Table 4, in 
which the numbers of Table 1 are arranged in periods of four months 
—a condensation suggested by Fig. 1—is more advantageous. From 
this we conclude that the prevailing directions are north-north¬ 
westerly from January to April, easterly from May to August, 
south-westerly from September to December. Fig. 2 is a graphical 
representation of this feature, and Table 5 the components. It 
appears to be extremely likely that if sufficient observations can be 
taken it will be found that the wind in the course of the year backs 
with uniform angular velocity clockwise round the compass. 

Of the 25,898 hours of wind analysed throughout the three years 
the final resultant contains the small components of only 50 hours to 
the north, and 100 hours to the west, being exceeded in magnitude 
by those of every separate month with the exception of July. The 
resultant of each of the three years, also, is much greater than that 
of the final resultant of the three together; moreover, neither bears 
the least resemblance to either of the others. They are :— 

March-Dec., 1896, and ( N. E. 

*Jan.-Feb., 1899 . j +255-4-1273-3 

1897 .-500-3- 244-6 

1898 .+ 295-2 + 1417-7 

Mean.+ 16-8- 33-4 

* January and February, 1899, are added, to complete a 3 -ear, to the ten 
months March-December, 189G, and so as to avoid breaking up the full years 
1897, 1898. 
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The total lack of resemblance between these four pairs of com¬ 
ponents is further illustrated in Table 6, in which the hourly wind 
frequency for each year is shown separately. It may be observed 
that an extra week of anticyclone weather would have been sufficient 
to transfer the final resultant of the combined three years bodily into' 
the opposite quadrant. 

There is apparently no escape from the conclusion that while 
sometimes one and sometimes another direction may preponderate 
from year to year, there is nothing to definitely establish the exist¬ 
ence of a prevailing wind at Kimberley. On the face of it there is 
nothing remarkable in this fact, if it only be remembered that the 
place is in the great southern anticyclone belt, midway between the 
trades and the brave west winds of the southern ocean. Apart from 
that it is completely at variance not only with the popular idea, but 
also with every account touching upon the subject, (the Challenger 
Beport included) yet published. Universal opinion for many years 
past has assigned us an overwhelming excess of northerly winds, 
some extreme views asserting there is nothing else. Theories even 
have been propounded explaining why the wind is so very northerly : 
wherein we learn that the trades being deflected from the ocean by 
the excessive heat of the African interior curve round, and run south¬ 
ward along the centre of the southern table-land, for want, .it seems, 

■ of elsewhere to go ! Fortunately we shall be in a position later on to 
see how it is that the idea of a prevailing north wind arose, and why 
it has no foundation in fact. 

Assuming then that no prevailing direction exists, we may proceed 
to investigate the salient features of the winds of Kimberley as a 
local phenomonon unperturbed by outside influences. We will con¬ 
sider first whether the diurnal changes are more clearly defined than 
the annual. Table 7 shows at once that they are. Evidently the 
tendency of each wind is to blow with its maximum frequency an 
hour or two later than the wind tabled next it* and the consequent 
inference must be that the undisturbed vane makes one complete, 
counter-clockwise rotation per diem. There is a slight departure 
from, and exaggeration of, the rule in the case of east and east-south¬ 
east winds, but the directions on each side fall into line precisely as 
if the maxima were perfectly regular throughout. Furthermore, 
perceptible, though relatively unimportant, maxima do occur in both 
these directions near the required times."-Standing out very clearly 
is the lack of southerly winds during the morning, and of northerly 
winds during the evening,—the almost entire absence of easterly winds 
by day and of westerly winds by night. With the object of i making 
the daily changes clearer, and of eliminating, the influence of the 

G 
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irregularities in the totals at the foot of the columns, each number 
has been reduced to proportional parts of a thousand in Table 8. 
Here we elicit the remarkable fact, to be further touched upon when 
the velocities come to be considered, that the highest percentages at 
the times of maximum frequency occur in the case of those winds 
whose maxima are at, or near, noon. Indeed only these run into 
three figures. It is partly a result of this that the lowest percentages 
at the times of minimum frequency occur at midday to those winds 
whose maxima are at or near midnight. There is, however, a con¬ 
siderable contrast between the curves for the two classes: the former 
having a long-drawn-out minimum with a rapid rise to and fall from 
maximum ; the latter an equally long-drawn-out maximum with a 
rapid fall to and rise from minimum. 

The hourly components of wind-frequency are shown in Table 9. 
They are calculated from Table 7 in the same way as Table 2 is 
calculated from Table I. Their interpretation may be best illustrated 
by an example : For the hour ending at noon the components in 
Table 9 are: N = + 344*2; E = — 378*1. This means that for 
that hour during three years the northerly components exceeded 
the southerly by 344*2 hours, and the westerly exceeded the easterly 
by 378T hours. The results are shown graphically in Figs. 3 and 4. 

In Fig. 3 the heavy line is the north component curve ; the other 
is the east component curve. The portions of both curves are 
conventionally positive above the zero line (upon which the hours 
are marked), and negative below. Thus for all portions of the curves 
above the line the directions prevailing are northerly and easterly, 
but southerly and westerly for all portions below. We see, according 
to the figure, that the east component reaches its greatest positive 
and negative excursion at the respective hours ending 6 a.m. and 
3 p.m.—say at mean times 5.30 a.m. and 2.30 p.m.—these hours, as 
it happens, being the times of the mean minimum and maximum 
temperatures of the day. In other words, the vane is swinging from 
east to west with a rising temperature, and vice versa. The dotted 
line in the figure is the diurnal temperature variation inverted. That 
is, it represents the consecutive hourly values of M—t where M is 
the mean daily temperature, and t the temperature at any hour. By 
suitably choosing the scales of hours and degrees, the curves can be 
made to look very much alike. That the east and west swing of the 
vane is a direct effect of the temperature is scarcely to be doubted. 
The barometric curve (see Table 12 and Fig. 7) follows the east 
component curve by some two hours so far as the portion included 
in the daylight hours is concerned, but the night maximum of the 
former has no corresponding feature on the other. The north com- 
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ponent curve, on the other hand, passes through its maximum and 
minimum points shortly after the two hours of mean temperature; 
but apart from this there is no obvious connection between it and 
either the temperature or the pressure curve. The long-drawn-out 
maximum of the winds prevailing at night, and the shorter but 
sharper maximum of the day winds, previously alluded to, here 
receive at least a partial explanation from the fact that the diurnal 
temperature is below its mean value for a longer period than it is 
above. ' y,. 

Fig. 4 displays in one curve, and on the same scale, the resultants 
of the component curves of Fig. 3. In this figure northerly com¬ 
ponents are measured vertically upwards or downwards, according 
as they are positive or negative, easterly components being measured, 
horizontally to the right or left in the same way. The resultant 
wind for any hour is supposed to be moving inwards from the number 
denoting the hour to the origin of the co-ordinates. Thus, during 
the hour ending 9 a.m, the mean resultant direction of motion is 
almost due south, i.e., the resultant wind is northerly. The curve is 
very nearly an ellipse, having its major axis on the line joining the 
hours ending at noon and midnight. It is a curious and possibly 
significant fact that if the times of maximum, minimum, and mean 
temperature be marked upon the curve, the line joining the times of 
maximum and minimum will intersect the line joining the times of 
mean temperature almost at the origin.* 

The angular velocity of the resultant varies considerably, being 
greatest for an hour or two after sunrise, and for about the same 
interval after sunset. For each quarter of a day the mean angle 


described is approximately— 

From midnight to 6 a.m. 36° 

,, 6 a.m. to noon. 140° 

,, noon to 6 p.m. 70° 

,, 6 p.m. to midnight... 114° 


the east and west vibration showing itself by far the more influential. 
This point may be investigated in a rougher, if not less interesting 
way by tabulating the mean actual movement of the vane direct from 
the automatic registers for each quarter of a day. The method 
followed here was to consider the exact points (as nearly as they 
could be ascertained) at which the pencil crossed the respective 

* To prevent confusion, these lines are not drawn. Should the reader wish to 
insert them, it must be remembered that the horary numbers marked round the 
curve stand for the hour ending at the time indicated. Thus, 8.30 a.m., for 
example, should be taken as the mean time of the point IX. 
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hour-lines of midnight, 6 a.m., noon, and 6 p.m. as the points oh 
departure and arrival, the total angular deviation of the pencil in: 
each interval being entered in its proper column. The results show¬ 
ing the mean movement for each day, and each quarter of a day, 
during each month, are shown in Table 10. If it be distinctly borne 
in mind that an instantaneous reading of wind direction, cannot be 
trusted to give information equally trustworthy with that of a mean 
hourly reading, the agreement between Table 10 and the more formal 
values of Table 9 will be sufficiently satisfactory. It is evident that; 
the angular velocity of the vane is much greater in summer than in 
winter, the diurnal mean for the year being rather less than one-third 
that of the sun. The remaining two-thirds, due to perturbations—. 
e.g., storms—and partly no doubt to instrumental'faults, have .no. 
appreciable effect upon the velocity of the resultant, although they 
must considerably reduce its length throughout the day. Instances 
in which the vane travels backwards are probably more common 
after noon than before. They seem to occur either when the vane 
has advanced more rapidly than usual for a few hours previously, or: 
when, upon the dying away of some disturbance deflecting the air. 
current, the vane takes the shortest cut to its normal position. That 
there is not, however, any material difference between summer and 
winter in the diurnal frequency-curves of the different wind directions 
is demonstrated by Table 11, in which the numbers are ratios per 
thousand arranged in quadrants; the months of December and 
January for three years providing the summer values, June and July 
th£ winter. The greatest differences are in Quadrant 4 (including all. 
winds from west, west-north-west, north-west, and north-north-west) 
the summer curve here being appreciably flatter. Any other months» 
give just the same sort of information. Perturbations are seldom of 
long duration, the longest “ set-in ” wind on record not perhaps 
lasting three days; and even when they occur their effect is con¬ 
fined almost exclusively to the addition of a practically constant 
number to each hour for the set-in direction. Whence it is that the 
frequency-curves retain their shape unaltered. . 

Wind Velocities. 

Hitherto we have dealt only with the simple directions of the 
wind irrespective of the corresponding velocities. It is usually the 
custom to discuss the two together, ignoring the directions as a 
separate factor, especially in dealing with the rectangular com¬ 
ponents, although it is not easy to see why. Table 12 will demon¬ 
strate that there is some advantage in making a distinction between 
the two. It is constructed from two years’ observation of -velocity 
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and direction together—for, as we have seen, hourly observations of 
velocity were not commenced until March, 1897. There are seven¬ 
teen columns :—- ,. . 

1. The hours of the day. 

2. The mean hourly velocity. • 

3,4, 5,, 6. The mean hourly velocity for each quadrant of directions. 

•7, 8, .9, 10. The hourly departure, Q„—M, from the mean velocity 
M of the same hour (where Q is a quadrant and n its number) 
smoothed in threes by Bloxam’s process. 

i 11, 12, 13, 14. Numbers such as those of Table 7, but for two 
years instead of three, also arranged in quadrants. 

15. The hourly values of the humidity of the air for the year 1898. 

16. The mean hourly rate of evaporation from a free water surface. 

17. The hourly values of the mean barometric pressure of the air. 

It is to be understood, of course, that every particular value .in the 

table is, with the exception of those in the. humidity and pressure 
• columns, for the hour ending at the time, indicated on the same row 
■ ( by the first column. In the humidity and pressure columns the 
values apply to the hour. 

The diurnal curve of wind velocity contains two maxima (at 2 p.m. 

;and 10.45 p.m.),* and two minima (at 5 a.m. and 7.30 p.m.)..The 

second maximum is of more than ordinary interest. It is strongly 
marked in the winds of the second and third quadrants, but is iipt so 
.conspicuous in those of the first and fourth. In the diurnal curve 
of evaporation from a free water surface there are also, as it happens, 
i two maxima in the hourly rates falling at the same hours as those 
iof the wind velocity. The first is obviously due to the high \yind 
■velocity and low humidity during the warm hours of the day. Now 
the humidity curve rises rapidly, particularly during the winter 
anonthsj from just before sunset until about 8.30 p.m., after which, 
for three hours or so, the rate of increase:is not large. The second 
maximum in the rate of evaporation is not, therefore, difficult to 
understand. This matter, however, is merely mentioned in passing. 

Columns 11-14 give essentially the same rule as Table 7. But 
the chief interest of Table 12 is to be looked for in columns 7-10. 
The numbers they contain are in remarkably regular sequence, and 
would doubtless be even more so in a more extended series. They 
discover in a most decided fashion the important fact that for any 
hour of the day the mean velocity of the wind from any quarter 
decreases relatively to mean diurnal curve, with the deviation of the 

* The actual value of the second maximum is only'approximate in consequence 
of the. uncertainty introduced by the obstruction to the record of the brass Strap 
between the hours XXI. and XXII. • ' 
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vane from its normal position. The inference seems to be that over 
and above instrumental faults which may contribute something to 
the result, storms, and other disturbances occurring here, are, on 
the whole, little else than exaggerations of normal conditions. The 
curves illustrating columns 7-10 are shown in Fig. 5. 

The fact will now be readily appreciated that because the winds 
which prevail during the middle of the day come from between 
north-east and north-west, and also because the velocities are 
greater when the directions are normal, these, if only through the 
dust they raise, will attract the most attention from the “ man in 
the street,” who as a rule only notices what is forced upon him. 
The published accounts owe their inspiration in the main to the 
observations taken for the Meteorological Commission of the Cape 
Colony by amateur observers. Now the hour of observation is 8 or 
9 a.m., and a glance at Table 7 will be sufficient to prove that either 
of those hours will return a great preponderance of winds lying 
between north and north-east. Thus we see how it comes about 
that both scientific and unscientific observation have independently 
evolved the same totally incorrect conclusion.* 

The number of miles of wind recorded from each direction, irre¬ 
spective of the duration, for each hour during two years is given in 
Table 13. It will be seen that the highest values occur about 
midday—as might be expected from Table 12—and that on the whole 
the columns containing the highest numbers also contain the lowest. 
The components of Table 14 are calculated from Table 13 exactly as 
those of Table 9 from Table 7. Fig. 6 is a graphical representation 
of the results of Table 14. So far as its critical points are concerned 
it is substantially a reproduction of Fig. 3, each component possessing 
only one pair of simple maximum and minimum points, temperature 
affinities being equally apparent in the east component curve, and 
barometric affinities, so it seems, equally lacking in both curves. 

By dividing the directions into quadrants we get the following 
total mileages in two years :— 

32,674 miles 
25,122 „ 

31,325 „ 

25,970 „ 

Total. 115,091 „ 

* Dr. Buchan gives the following yearly totals for Kimberley derived from 
observations made at 8 a.m. and 8 p.m.: N., 87 ; N.E., 72; E., 57; S.E., 15 ; 
S., 51; S.W., 24 ; W., 28; N.W., 20. 

The inference would be a prevalence of northerly winds. The observations are 
evidently quite honest, but they are insufficient. 


Quad. 1. 
„ 2 . 
M 3. 
„ 4. 
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These numbers show, even more convincingly than Table 14, how 
small is the total unbalanced excess of air passing over Kimberley. 
Small even as it is, only amounting to about five miles per day on an 
average throughout the two years, it would no doubt have been very 
much less in the three years comprised in the investigation of 
directions. 

At this stage we may look at Figs. 3 and 6 in a different light: 
we may assume the former to represent a system in which the air is 
moving with any constant velocity ; the latter as a system formed 
from the second by the intrusion of air-currents of variable strength 
from whatever cause arising. Table 15 is constructed from Tables 
9 and 14 for the purpose of comparing the effects. Here column 1 
contains the hours, columns 2 and 5 the mean hourly component 
movements for a year, columns 3 and 6 the mean relative component 
frequencies—or, which comes to the same thing, the mean movement 
at a constant velocity of 6 - 6 miles per hour,—columns 4 and 7 are 
the departures of the variable velocities observed from the constant 
velocities assumed, column 8 is the resultant departure, being equal 
to the square root of the sum of the squares of corresponding 
numbers in columns 4 and 7 (decimal places being omitted through¬ 
out). The actual magnitudes of the numbers, regardless of sign, 
in columns 2 and 5, are in almost all cases greater than those of 
columns 3 and 6, as might be expected from the fact mentioned in 
reference to the values of columns 7-10 of Table 12.* 

Fig. 7 gives a graphical representation of the values V- C, v-c, 
found in Table 15, the curve of barometric variation being also 
inserted. Some of the minor irregularities might possibly disappear 
in a greater number of years of observation. But as it stands it 
places the north component variation in as uninfluential a position 
as the north components of frequency and movement. The east 
component curve, on the contrary, is of remarkable interest. If its 
asperities be not smoothed by future research, then it undoubtedly 
contains three pairs of maxima and minima. The three maxima 
precede by respectively lengthening intervals, the first (lesser) baro¬ 
metric minimum, and the two barometric maxima, the most pro¬ 
nounced minimum of the east component variation being also in 
advance of the most pronounced barometric minimum ; whereas the 
north component variation seems to follow , with a curious exception 
at 8 p.m., the diurnal pressure tides. Now we have seen that the 
east and west swing of the vane coincides with the variations of tem- 

* Recollect that the component frequencies are derived from the registers of 
three years, the component movements from only two. For the purposes of this 
comparison the former are accounted standard forms for any year. 
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perature. Judging by the diagram is it not highly probable that the 
secret underlying the double diurnal oscillation of the barometer is 
to be looked for behind the complicated variations introduced as east 
components of wind-frequency and air-movement by the, simple 
application of the sun’s heat? At any rate this aspect of the’pro¬ 
blem is worth further inquiry.* The greatest excess variation from 
the east is followed by the greatest excess variation from the west; 
and, as it were, in response, the barometer also executes its greatest 
vibration. If it be not cause and effect, the coincidence is remark¬ 
able. However this may be, the diurnal northing and southing of 
the air, at any rate, both in duration and amount, is quite a secondary 
effect, indicating no more, perhaps, than an attempt to restore the 
equilibrium disturbed by the east and west exchanges. ■ ; ■ ■ 

Prom Tables 7 and 8 it is evident that the normal wind of Kim¬ 
berley, moves inwards, at any time, from a moving radiant always 
situated some 30° or 40° in front of the point where a vertical circle 
through, the sun cuts the horizon; the only departure being, as 
already noted, in the case of easterly winds, which, so far as the 
observations go, have one maximum somewhat earlier, and; thus 
.contribute to the third maximum of the east component variation. 
These consecutive directions may all be included in the scheme of 
Fig. 8, wherein each instantaneous direction is tangential to a spiral 
circling outwards from the area of highest temperature and. inwards 
to the lowest. The simplest conception of the diagram is to imagine 
it, together with the hour numbers, an appendage of the sun encasing 
the earth (which rotates inside it), S and S' overlapping. H 'is the 
area of greatest heat nearly facing the sun, C that of greatest cold, 
KK' the path described by Kimberley through the system with a 
velocity approaching 1,000 miles per hour. The arrow-heads show 
the direction of wind motion. 

The hypothesis demands that the diurnal wind system shall be an 
anti-convection current; but since the text-books frequently state 
that wind must blow from cold to warm areas this seems at first 
sight an impossibility. While it is easy to draw a similar spiral of 
opposite curvature which shall equally represent the hourly motions, 
and yet shall be, in a sense, a convection current, the one mechanical 
consideration fatal to such a construction is that a current running 
in to H, say from the south (H being south of the equator), must 
first curve to the left, and then gyrate clockwise round H. Now it 
is quite certain that if the sun could remain vertically over one spot 
true convection currents must eventually be established, but it is not 

w' i. 

* See, however, Mr. H. F. Blanford’s paper “On the Winds of Calcutta” in the 
Indian Meteorological Memoirs, vol. i. p. 18. 
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necessarily so under existing conditions. For consider what goes on 
in the vicinity of the sub-solar point. The air here near the ground 
is being heated with great rapidity and is expanding in all directions 
outwards and upwards. Before the process, however, has gone 
sufficiently far to allow the lower air to expand enough to set up 
an outflow overhead and a convection current, below, the sub-solar 
point has shifted to the west, the motive power is on the decline, and 
hence only the beginnings of the establishment of convection currents 
are ever manifested. The pushing-out process may be expected to 
make itself felt right up to the borders of the great circle of which H 
is the pole; and it is worthy of note that the greater maximum of 
the barometric tide shows itself on the western edge of the same 
circle, the lesser maximum falling some 30° behind the eastern edge. 
Throughout the space containing H, lying between these two tidal 
crests, the wind variations are in perfectly regular sequence. 

In the cold hemisphere we have, to start with, an opposite state of 
things. At the cold spot C the air is contracting inwards and down¬ 
wards, but with far less intensity than the expansion near H. By 
first intention, then, the expanded air will tend to move info the cold 
hemisphere. The contraction increases the pressure at the cold 
spot, being aided, perhaps, by the greater barometric crest; lying 
some 45° away. The greatest effect of the contraction will therefore 
make itself felt not at C, and still less towards S', but further to the 
west. In sympathy with this the lesser , crest which might. have 
remained on the border of the warm hemisphere moves eastward 
until the gradients on each side of the lesser minimum are equalised. 
It must not be thought that I am trying to manufacture a satisfactory 
explanation of the cause of the barometric tides; the important fact 
to be insisted upon is that the circulation, inaugurated about H is 
developed well into the cold hemisphere by the asymmetry of the 
barometric maxima and by the contraction in front of C. Once there 
the directions will shift normally as in a clockwise, circulation in 
consequence of the tendency to an indraught about the depleted 
space. The deflecting force is no doubt small, but on the other 
hand the winds are light, and hence the more easily turned. With 
stronger currents the right-handed gyration about C would be much 
less pronounced—always supposing the motion imparted from the 
outside—and this it seems explains why, when at ll p.m. the wind 
velocity attains its second maximum, the wind directions tend, to fly 
off centrifugally from the right-handed gyration. The straight'arrow 
in the figure is ail attempt to represent this: It stands for the intru¬ 
sion of the abnormal maximum frequency, pf easterly winds, about 
11 p.m. The actual depletion to the west of G will depend, more 
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upon the rate of fall of temperature than upon its actual degree. 
The space over which it extends will be much larger and much less 
clearly defined than the corresponding space about H, the wind- 
frequency maxima being less pronounced accordingly. ; 

It must not be imagined for a moment that Tig. 8 represents the 
path of any particle of air. Such an idea would imply velocities of 
upwards of a thousand miles an hour, which are, fortunately, out of 
the question. We are simply asked to understand that as Kimberley 
describes its diurnal rotation, its mobile air covering takes up succes¬ 
sively the directions of motion of those portions of the imaginary 
vortex-system through which it may be passing. Each particle will 
tend to describe a spiral it is true, but in no individual case will the 
actual path accurately resemble that of the diagram, although the 
mean path of all the particles may do so in general shape. 

It seems to follow that the diurnal wind system of Kimberley must 
be exceedingly shallow, not extending many thousand feet above the 
earth’s surface, and this is supported by the motion of the clouds 
which, with few exceptions, travel along paths radiating from some¬ 
where between north and west, irrespective of the wind directions 
below. 

If the wind system of Fig. 8 is a correct interpretation of the 
Kimberley winds, it must be of universal application; and should, 
when allowances have been made for latitude (north or south), for 
prevailing winds, land- and sea-breezes, &c., apply to every place 
lying within 45° of the equator, if not beyond. The winds of 
Adelaide certainly seem to come within its scope, and possibly also 
those of Cordoba, although these latter have not yet been fully 
tested.* Meanwhile it may not be out of place to remark that a 
strong prevailing wind blowing, say, from the north, would increase 
the northerly winds both in frequency and strength, deflecting the 
east and west winds to the south, and probably cut off' southerly 
winds altogether. 


Wind-Koses. 

The remainder of this inquiry deals superficially with the varia¬ 
tions in the four elements of barometric pressure, air temperature, 

* Cordoba lies in the deep valley of the Rio Primero. A few miles to. the west 
are some considerable ranges of hills, and 300 miles further are the mammoth 
peaks of the Andes. See “ Frequencia Relativa Media Annual de los Vientos ” in 
the Anales de la Oficina Meteorulogica Argentina, vol. ix. p. 353. Few nations 
equal Argentina either in the quality of its meteorological observations, or in the 
sumptuous volumes in which they are published. 
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moisture, and cloud, corresponding to the various deviations from 
the normal wind directions. The first three of these are for the 
hours 2 and 8 (a.m. and p.m.), but there are no observations of cloud 
at 2 a.m. In the present section the instantaneous wind directions 
at the hours named are used. 

1. Pressure.— The method of reduction first attempted was the 
very simple one of adding together every pressure under assigned 
wind directions, and taking the mean for the whole three years. The 
resulting curves, however, were extremely irregular. The reason 
was not at first obvious, but a second examination of the work 
showed that certain directions happened to prevail say in a winter 
month with its customary high mean pressures, and other directions, 
say in a summer month with its customary low mean. To avoid 
this element of confusion, the process was adopted of drawing 
separate curves for each of the four hours of every month, and then 
reducing each curve by the simple addition or subtraction of a 
number, constant for that particular curve, to the mean pressure of 
the three years, the assumption being made, and supported to some 
extent by the monthly results, that each monthly curve resembled 
every other in shape. In this manner the effect of a greater or less 
number of directions from any assigned compass-point was elimi¬ 
nated. Finally the results were “bloxamed” in sets of three. 
Table 16 gives both smoothed and unsmoothed values. 

The mean pressures of the day have a primary maximum with 
winds from the south-east, and a secondary maximum with those 
from the north-west; a primary minimum with winds from the 
west-south-west, and a secondary minimum with those from the 
north-north-west. There appears to be, as well, a tendency for 
the wind accompanying the highest pressure to radiate from a point 
which vibrates to and fro along a small arc of the horizon in the 
course of the day. 

2. Temperature.— Table 17 gives the temperature results calcu¬ 
lated in the same way as the last. The mean temperatures exhibit 
one maximum with winds slightly to the north of north-north-west, 
and one minimum nearly south-south-east. But while the minimum 
temperature seems to accompany the wind of greatest air-pressure, 
the maximum travels with the sun (see the smoothed values), through 
pretty well a right angle. If future inquiry prove this to be a 
general law the passage of the warm point back to the north-north¬ 
east between 8 p.m. and 2 a.m. must be very rapid, and its hourly 
rate well worth study. 

3. Dew-points.— The dampest point is nearly midway between 
north-east and north-north-east, the driest point being exactly 
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opposite.* Both have , a tendency to shift against the sun before 
noon and with the sun afterwards. It is curious that there is a 
wider range in the amount of moisture carried by the winds at night 
than there is .by day. The reverse holds with the temperatures, in 
which the greatest ranges are by day, following in this respect the 
same law as the pressures. 

If a line be drawn N.N.E.-S.S.W., all winds from the east side 
come with an average pressure above the mean, and all from the 
west with an average pressure below. This has a further bearing on 
the facts revealed in Fig. 7. The mean temperature line is nearly 
E.-W., and the line of mean dew-points E.S.E.-W.N.W. 

4. Cloud.— Only the cloudiness of the sky w T ith reference to 
particular winds is here considered, no account being taken of the 
sort of cloud. Table 19 gives the average amount of cloud accom¬ 
panying each wind at 8 a.m., 2 p.m., and 8 p.m., together with the 
mean of the three hours; also smoothed values of each with their 
smoothed mean, which last, plotted to scale, might be called the 
normal curve. The last three lines give the departures from the 
normal. Northerly winds are accompanied by the most cloud, and 
southerly winds by the least. This feature is contributed to in two 
ways : firstly, because in the diurnal range the cloudiness is greater 
at 2 p.m. (when northerly winds are prevalent) than at 8 a.m. or 
8 p.m.; and secondly, because the ruling directions of cloud motion 
have a very large northerly component. The set-in south-easterly 
winds, when they occur, moreover, are in the main anticyelonic, 
with clear skies. But over and above this we have the most signifi¬ 
cant result that, relatively to the normal curve, the cloudiness of the 
sky increases with the deviation of the vane from its normal position. 

In conclusion, it should be said that the whole of the material of 
this paper has been worked up in spare time, and chiefly by; lamp¬ 
light ; so that, while every effort has been made to ensure accuracy, 
if a few numerical errors have crept in, it is no more' perhaps than 
might be expected. Some eminent professional meteorologist in the 
future will, I trust, be able to make a fuller discussion of the winds 
of Kimberley, and with a lighter handicap, The wind-roses alone 
will repay the most elaborate treatment, and particularly, I believe, 

* The behaviour of the dew-point at G p.m. is very anomalous. The prevailing 
winds at this time are south-westerly, which, for the hours included in Table IS, 
are shown to be the driest. But the dew-point curve attains its second maximum 
about G p.m.! It would seem, then, that the law of Table 18 does not apply to 
the sunset hours. Certainly the circumstance calls aloud for investigation. I 
hope to discuss this, together with some other points of interest not included 
here, later on. It is somewhat of a mystery where the increase of moisture at 
sunset comes from. 
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for the hours of 6 p.ro. and 11 p.m. In view of the fact that time 
has prevented the inclusion of these in this general sketch, all minor, 
even if important; details have had, a fortiori, to be severely left 
alone. '■ < 


APPENDIX. 

The general outline of this paper was complete before I had the 
good fortune to consult a remarkable paper by Mr. E. Chambers 
“ On the Diurnal Variations of the Wind and Barometric Pressure at 
Bombay.” *• Much of the argument therein contained seems to 
want further proof; but there is no doubt that the plea for anti¬ 
convection currents is most ably maintained. As opposed to this we 
have the theoretical opinions of W. von Siemens some seventeen 
years later, f The latter compares the atmosphere to a number of 
adjacent chimneys in which heated air rises with great rapidity, and 
although these are described as having elastic walls, yet in no place, 
apparently, has this property been brought into requisition. For 
“ disturbances are balanced by means of ascending currents,” and, 
moreover, “ if the heating of the lower strata of air takes place 
within a limited area, a local outflow ” [upfloiu seems to be meant] 
“occurs, reaching' to the uppermost regions of the air.” While 
there is no difficulty at all in understanding that the heated air of 
the whole torrid zone must rise and flow off polewards, even if obser¬ 
vation had not confirmed it, it does not seem so clear that the same 
result must 'follow from local and limited heating. Observational 
confirmation, 5 at any rate, is quite wanting. Still less is there any 
solid foundation for the further statement that “ the maximum and 
minimum air-pressures are effects of the temperature and velocity of 
currents of air.in the higher strata of the atmosphere.’' It is much 
more antecedently probable that the latter will be eventually 
explained by the principles of the Wave Theory than by causes so 
remote and changeable.;!: However that may be, it is quite certain 

* Philosophical Transactions, vol. 163, pp. 1-18. Read before the Royal 
Society, June 19, 1873. See also Proceedings of the Royal Society, vol. xxv. 
pp. 402-411. 1 

f “ On the General System of Winds on the Earth.” Phil. Mag., Dec., 1890. 

J Vide “ On the Vibrations of an Atmosphere Periodically Heated,” by Max. 
Margules, translated from the Sitzungsbericlitc cler Kbnig. Akad. der Wissensch. 
zu Wien, 1890- in Prof. Cleveland Abbe’s Mechanics of the Earth’s Atmosphere. 
Also a paper ..by Lord Rayleigh, translated (from English into American) from 
the Phil. Mag., Feb.,’1890, in the same volume. ■ 
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that, if the chimneys are to stand, the diurnal changes of wind-direc¬ 
tion cannot be due to an outflow beneath of air from a heated l'egion 
and inflow to a cold. The following simple calculation (which may 
or may not lie new) has some bearing on the problem :— 

Suppose the climatic and geographical conditions peculiar to 
Kimberley to prevail for the same latitude in a narrow zone com¬ 
pletely round the world; that is, let the temperatures and pressures 
throughout have the same maxima and minima and the same daily 
variations. At any instant mark the twenty-four points at which 
the times are whole hours, and on each point imagine a cube of air, 
whose volume at 32° F. is 1,000 (in any small units), to be situated. 
By virtue of the expansions—supposed equal in all directions—due 
to the mean temperature at each point for the hour, the cubes will 
have expanded from the volumes at 32° F. to the volumes shown by 
column 2 in Table 20. For all temperatures below the mean these 
volumes may be regarded as contractions from the mean volume at 
mean temperature, and for all temperatures above the mean as 
corresponding expansions. Suppose the temperature and pressure 
to change, hour by hour, per saltum, so that, for If degrees of arc on 
each side of the hour points, the temperatures and pressures are the 
same as that at the hours. Also let n of the cubes, at mean tem¬ 
perature, placed end to end, occupy each of the areas whose centre 
is at any hour. Column 3 shows the length of each base for the 
times indicated in column 1, column 4 the departure from the mean 
length, column 5 the base areas, and column 6 the departure from 
the mean area. 

Now, taking only statical conditions into account, of the total 
length of the bases (equal to ux 244-8 units), 7tx*365 units will be 
pushed by expansion westward from the hot hemisphere into the 
cold; * and n x ‘278 units eastward. The bases will cover nx 1255T 
square units in the hot hemisphere, and n x 1242-0 square units in 
the cold. Whence by comparing the whole pressures, in respect of 
the cubes of air in question, upon the bases in each hemisphere we 
have the mean pressures in the hot and cold hemispheres in the 
respective ratio of 1‘00 to 102. But the mean barometric pressure 
in the hot hemisphere is 26T337 inches, and in the cold hemisphere 
it is 26-153 inches, i.c., in the ratio of 1-000 to 1-001. The result 
seems to show that in the given zone the hypothesis that the expan¬ 
sion is equal in all directions would require the transfer of more air 
into the cold hemisphere than barometric observations warrant. 

* Agreeing with the fact that the air-temperature begins to rise before sunrise. 
The most energetic expansion is in the direction of the primary barometric 
maximum, the least energetic expansion being towards the secondary maximum. 
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The answer is simple. If the units be yards the mean height of 
each cube would be 102 yards, and there would be a measurable 
difference between the pressure at this height and that at the 
bottom. Hence the expansion by heating would be easier upwards 
than outwards. On the other hand, the contraction by cooling 
would be more energetic inwards near the ground than downwards, 
resulting in an indraught throughout the whole cool hemisphere, and 
thereby assisting to some extent the outward expansion opposite. 
It seems scarcely likely that the excess of upward over outward 
expansion can extend to the highest limits of the atmosphere, but it 
is not unlikely that much of it intermixes with the constant north¬ 
westerly current above, in the cloud strata, and is thus drawn off as 
an outflow. If, however, expansion be wholly upwards, and con¬ 
traction wholly downwards, the base of each cube will at first 
remain unaltered in size and shape, together with the pressure upon 
it, the tops of the cubes rising by different amounts, but also remain¬ 
ing in a surface of equal pressure ; and no transfer of air can ensue, 
either above or below, until the high crest of the expanded air falls 
away from its altitude. Curiously enough, von Siemens maintains 
that in a surface of equal pressure, such as that in which our 
expanded and contracted cubes are supposed to lie, there can be no 
sliding away down the slope of equal pressure by the higher portions. 
The statement is doubtless only statically true, for it leaves out of 
account the fact that a free particle on an expanding surface is by 
the mere acquisition of motion projected by the earth’s rotation into 
an elliptical orbit with a focus at the earth’s centre of gravity. Con¬ 
sequently the atmospheric chimney must tend to bend over at the 
top in the direction of the equator, giving relief to the pressure at its 
base. The total effect is probably not great, yet it may partially 
explain the differences in the two calculated results above. On the 
whole, the case for an actual spiral outflow near the ground, from 
the hot to the cold hemisphere, seems to be not only possible, but 
very probable. 


Wind Frequency in Hours : Monthly Totals. 
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The Winds of Kimberley. 

TABLE 2. 


97 


Monthly Components of Wind Frequency. 


Month. 

N. 

E. 

January... 

+ 228-1 

+ 30-6 

February . 

+ 101*1 

+ 220-9 

March . 

• + 263-2 

- 87-0 

April . 

+ 190-4 

- 44-7 

May . 

+ 63-9 

+ 216-1 

June . 

- 221-1 

+ 308-5 

July . 

+ 19-2 

+ 80-8 

August . 

+ 324-3 

+ 404-6 

September . 

- 275-3 

- 178-5 

October. 

- 608-1 

- 373-0 

November . 

- 274-6 

- 441-9 

December. 

+ 239-2 

- 236-6 

Three Years. 

+ 50-3 

- 100-2 


TABLE 3. 


Wind Frequency in Hours arranged in Quadrants : 
Monthly Totals. 


Month. 

' N.-E.N.E. 

E.-S.S.E. 

s.-w.s.w. 

W.-N.N.W. 

Quadrant 1. 

Quadrant 2. 

Quadrant 3. 

Quadrant 4. 

January . 

685 

430 

557 

542 

February . 

586 

536 

382 

483 

March . 

635 

400 

523 

608 

April. 

549 

452 

457 

652 

May. 

675 

459 

584 

491 

June. 

472 

769 

455 

419 

July. 

650 

444 

601 

518 

August. 

801 

573 

351 

484 

September . 

392 

531 

690 

524 

October . 

319 

461 

1008 

407 

November . 

421 

317 

911 

490 

December . 

600 

364 

560 

680 


6785 

5736 

7079 

6298 


7 
























































TABLE 4. 

Wind Frequency in Hours : Four-Monthly" Periods. 
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The Winds of Kimberley. 

TABLE 9. 

Hourly Wind-Frequency Components. 
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Hour Ending 

N. 

E. 

I. 

- 172-9 

+ 274-4 

II. 

- 147-4 

+ 272-0 

Ill. 

- 107-4 

+ 294-6 

IV. 

- 69-0 

+ 303-2 

Y. 

- 45-6 

+ 321-2 

VI. 

- 17-1 

+ 334-1 

YII. 

+ 46-2 

+ 307-7 

VIII. 

+ 173-9 

+ 231-6 

IX. 

+ 325-7 

+ 32-5 

X. 

+ 382-7 

- 137-7 

XI. 

+ 383-4 

- 269-0 

Noon. 

+ 344-2 

- 378-1 

XIII. 

+ 282-2 

- 456-5 

XIV. 

+ 208-3 

- 462-0 

XV. 

+ 117-3 

- 467-0 

XVI... 

+ 23-4 

- 448-9 

XVII. 

• - 74-1 

- 386-1 

XVIII. 

- 139-5 

- 275-8 

XIX. 

- 222-4 

- 109-7 

XX. 

- 265-8 

+ 48-0 

XXI. 

- 271-8 

+ 137-2 

XXII. 

- 255-5 

+ 222-5 

XXIII. 

- 238-1 

+ 251-4 

Midnight . 

- 210-4 

+ 260-2 

Total. 

+ 50-3 

- 100-2 


TABLE 10. 

Mean Angular Movement of the Yane in Six-Hour Periods. 


Month. 

o.-vi. 

VI.—NOON. 

, NOON—XVIII. 

XVIII.-XXIV. 

O.-XXIV. 


o 

' 

o 

o 

o 

o 

January . 

+ 35-8 

+ 59-7 

+ 22-4 

+ 30-6 

4- 148-5 

February. 

16-1 

89-2 

+ 27-6 

35-8 

168-7 

March. 

23-6 

44-3 

+ 39-5 

28-7 

136-1 

April . 

29-5 

52-7 

+ 8-2 

13-1 

103-5 

May. 

20-6 

42-7 

+ 14-3 

7-9 

85-5 

June . 

2-6 

51-3 

- 5-4 

18-3 

66-8 

July . 

1-5 

45-8 

+ 1-0 

13-2 

61-5 

August. 

20-1 

61-0 

+ 11-4 

15-8 

108-3 

September ... 

11-5 

54-1 

- 0-7 

26-5 

91-4 

October . 

41-6 

53-3 

+ 9-4 

21-6 

125-6 

November ... 

27-8 

37-7 

+ 11-2 

291 

105-8 

December ... 

28-6 

34-6 

+ 40-6 

19-3 

1231 

Year. 

+ 21-6 

+ 52-2 

+ 14-9 

+ 21-7 

+ 110-4 
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TABLE 11. 

A Comparison of the Summer and Winter Values of the 
Diurnal Variation in Relative Wind Frequency. 

Quadrants. 


For the 
Hour 

N.-E.N.E. 

Quadrant 1. 

E.-S.S.E. 

Quadrant 2. 

s.-w.s.w. 
Quadrant 3. 

W -N.N.W. 

Quadrant 4. 

Ending 










Summer. 

Winter. 

Summer. 

Winter. 

Summer. 

Winter. 

Summer. 

Winter. 

i. 

46 

43 

64 

66 

35 

34 

31 

16 

II. 

52 

46 

66 

58 

28 

36 

29 

17 

hi. 

51 

56 

73 

51 

23 

40 

29 

15 

IV. 

57 

53 

66 

50 

24 

42 

26 

18 

V. 

58 

58 

66 

51 

23 

36 

25 

16 

VI. 

62 

62 

59 

50 

22 

35 

29 

15 

VII. 

66 

58 

57 

55 

23 

29 

25 

20 

VIII. ... 

67 

62 

44 

50 

22 

31 

33 

20 

IX. 

55 

64 

31 

35 

22 

31 

55 

39 

X. 

49 

58 

25 

23 

21 

33 

64 

56 

XI. 

37 

43 

15 

18 

24 

34 

79 

77 

Noon ... 

27 

28 

13 

16 

30 

37 

86 

97 

XIII. ... 

24 

25 

8 

14 

38 

36 

85 

101 

XIV. ... 

26 

23 

11 

16 

45 

39 

75 

100 

XV. 

27 

22 

15 

17 

50 

47 

65 

93 

XVI. ... 

21 

28 

14 

15 

63 

59 

61 

76 

XVII. ... 

21 

29 

18 

19 

73 

64 

52 

63 

XVIII... 

27 

34 

25 

22 

78 

66 

35 

46 

XIX. ... 

30 

36 

35 

41 

78 

59 

24 

28 
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31 

30 
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73 

50 

18 

22 

XXI. ... 

35 

28 
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67 

64 

46 

17 

20 

XXII. ... 

39 

35 

63 

67 

56 

42 

19 

18 

XXIII... 

47 

39 

59 

69 

51 

38 

16 

16 

Midnight 

, 48 

39 

63 

68 

39 

36 

23 

17 
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Mean 

Baro¬ 

metric 

Pressure. 

Inches. 
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TABLE 14. 

Hourly Wind-Movement Components. 


Hour Ending 

N. 

E. 

I. .. 

- 903-1 

+ 1493-4 

II. 

- 775-8 

+ 1512-6 

HI. 

- 633-3 

1672-6 

IV. 

- 451-7 

+ 1705-8 

V. 

- 309-8 

+ 1685-5 

VI. 

- 30-0 

+ 1696-8 

VII. 

+ 285-3 

+ 1658-9 

VIII. 

+ 1050-0 

+ 1357-6 

IX. 

+ 1952-1 

+ 653-5 

X. 

+ 2599-0 

- 340-7 

XI. 

+ 2656-6 

- 1222-6 

Noon . 

+ 2432-3 

- 1926-6 

XIII. 

+ 2084-1 

- 2422-2 

XIV. 

+ 1405-8 

- 2564-9 

XV. 

+ 683-8 

- 2686-4 

XVI. 

+ 31-2 

- 2494-4 

XVII. 

- 546-0 

- 1969-8 

XVIII. 

- 920-2 

- 1243-0 

XIX. 

- 1148-3 

- 277-8 

XX. 

- 1273-5 

+ 504-2 

XXI. 

- 1344-4 

+ 954-2 

XXII. 

- 1318-5 

+ 1271-6 

XXIII. 

- 1213-0 

+ 1409-4 

Midnight. 

- 1135-7 

+ 1473-9 

Total . 

+ 3176-9 

+ 1903-6 
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TABLE 15. 

Component Variations from a Wind-System of Constant 

Velocity. 


For the 
Hour 
Ending 

V—c 

North. 

East. 

Resultant. 

R 

Variable 

Movement. 

V 

Constant 

Velocity. 

c 

Difference. 

v-c 

Variable 

Movement. 

V 

Constant 

Velocity. 

c 

Difference. 

v-c 

i. 

- 452 

-379 

- 73 

+ 

747 

+ 

604 

+ 143 

161 

ii. 

- 388 

-324 

- 64 

+ 

756 

+ 

598 

+ 158 

170 

hi. 

- 317 

-236 

- 81 

+ 

836 

+ 

648 

+ 188 

243 

IV. 

- 226 

-142 

- 84 

+ 

853 

+ 

667 

+ 186 

238 

V. 

- 155 

-101 

- 54 

+ 

843 

+ 

707 

+ 136 

146 

VI. 

- 15 

- 38 

+ 23 

+ 

848 

+ 

735 

+ 113 

115 

VII. 

+ 143 

+ 102 

+ 41 

+ 

829 

+ 

677 

+ 152 

157 

VIII. ... 

+ 525 

+ 383 

+ 142 

+ 

679 

+ 

510 

+ 169 

221 

IX. 

+ 976 

+ 717 

+ 259 

+ 

327 

+ 

72 

+ 255 

363 

X. 

+ 1300 

+ 842 

+ 458 


170 

- 

303 

+ 133 

477 

XI. 

+ 1328 

+ 844 

+ 484 

- 

611 

- 

592 

- 19 

484 

Noon ... 

+ 1216 

+ 757 

+ 459 

- 

913 

- 

832 

- 81 

466 

XIII. ... 

+ 1042 

+ 621 

+ 421 

- 

1211 

- 

1004 

-207 

468 

XIV. ... 

+ 703 

+ 458 

+ 245 

- 

1282 

— 

1016 

-266 

361 

XV. 

+ 342 

+ 258 

+ 84 

- 

1343 

- 

1027 

-316 

327 

XVI. ... 

+ 16 

+ 51 

- 35 

- 

1247 

— 

988 

-259 

261 

XVII. ... 

- 273 

-163 

-110 

- 

985 

— 

849 

-136 

175 

XVIII... 

- 460 

-307 

-153 

- 

621 

- 

607 

- 14 

154 

XIX. ... 

- 574 

-489 

- 85 

- 

139 

- 

241 

-102 

133 

XX. 

- 637 

-585 

- 52 

+ 

252 

+ 

106 

+ 146 

147 

XXI. ... 

- 672 

-598 

- 74 

+ 

477 

+ 

302 

+ 175 

190 

XXII.... 

- 659 

-562 

- 97 

+ 

636 

+ 

490 

+ 146 

173 

XXIII... 

- 607 

-524 

- 83 

+ 

705 

+ 

553 

+ 152 

152 

Midnight 

- 568 

-462 

-106 

+ 

737 

+ 

572 

+ 165 

196 


































Wind Characteristics of Pressure. 
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TABLE 17. 

Wind Characteristics of Temperature 
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TABLE 18. 

Wind Characteristics of Moisture (Dew Point). 
1 . Unsmootlied Values. 
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TABLE 20. 

Variations op Cubic Volumes of Air with Temperature. 
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Base Length. 
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PLATES II. TO IX. 


Plate II. 

Fig. 1. 

Monthly Wind-Frequency Resultants. 
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Wind Scheme. 



